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GENERAL INTRODUCTION 
Livestock confinement operations generate large amounts 
of animal manure, and usually have limited acreage where the 
manure can be efficiently applied. The Agricultural Census 
(1992) estimated that 230 million tons of raw animal manure 
are produced each year in Iowa. Unfortunately, animal manure 
is often not treated as an on-farm resource but as a disposal 
problem. However, the benefits of using animal manure are 
improved soil physical characteristics, increased nutrient 
availability, and increased soil moisture (Xie and MacKenzie, 
1986; Klausner et al., 1994; Evans et al., 1977; Jokela, 
1992). The challenge of using animal manure for crop 
production is to have nutrients available for plant growth to 
maintain high yields without adversely affecting the 
environment. When applied to the soil, manure nitrogen (N) 
can be lost by volatilization, denitrification, and leaching. 
For example nitrate (N03-N) is highly mobile and has the 
potential to move out of the crop-root zone and into the 
ground water. The maximum contaminant limit for N03-N 
concentration in drinking water for infants < six months old 
established by the USEPA is 10 mg N03-N L- 1 for a period 
exceeding ten days (CAST, 1985). Field studies have shown 
that when excessive amounts of animal manure are applied to 
cropland, concentrations > 10 mg of N03-N L- 1 can reach the 
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ground water. The key to controlling the amount of N03-N 
leaching from agricultural soils is to regulate the amount of 
N03-N in the soil profile. More N03-N usually is lost from 
manure by denitrification rather than from leaching (Comfort 
et al., 1988; Xie and MacKenzie, 1986). At comparable N 
application rates, inorganic nitrogen fertilizers have greater 
N03-N losses from leaching because inorganic fertilizers have 
higher initial N03-N concentrations in the soil profile 
(Hatfield et al., 1995). 
Proper design and management of manure systems are 
essential to limiting environmental hazards when manure is 
used as a soil amendment for crop production. A key to 
effective management is understanding the decay or 
mineralization series of a manure. A decay series is the 
variable amount of inorganic N in different animal manures 
that is available to the first crop in a cropping series, and 
the gradual mineralization of the organic N over several years 
(Pratt et al., 1973, 1976). Sustained production of 
nonleguminous crops requires large inputs of N to maintain 
high yields. Effective manure N management recommendations 
require information concerning the rate of N mineralization 
and its utilization by crops (Klausner et al., 1994). 
The objective of this research was to determine the 
effects of liquid swine manure and N fertilizer on soybean 
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yields, N mineralization rates, and to monitor potential 
N03-N pollution of ground water. 
Thesis organization 
This thesis consists of two manuscripts suitable for 
publication in the Agronomy Journal. A comprehensive 
literature review and general summary are included. The style 
of the papers follows the guidelines set forth by the Soil 
Science society of America Journal. References cited in the 
introduction, literature review, and appendices follow the 
General Summary. 
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LITERATURE REVIEW 
There is enough animal manure produced to supply about 25 
kg plant available N for each hectare of corn in Iowa (Killorn 
et al., 1990). Swine manure is handled as a solid, semi-solid 
slurry, or a liquid depending on the type of housing and 
manure handling system used (Hatfield et al., 1995). The main 
form of N in fresh hog feces is organically bound N, while 
plant available N is in urine (Overcash et al., 1983). 
Previous research on swine manure has investigated: 1) fate of 
manure N in soil; 2) manure N rate effect on corn yields and 
electrical conductivity of the soil solution; and 3) 
mineralization of manure N. However, it is difficult to 
separate the effects of manure on soil and crop parameters, 
because they are interrelated. 
Fate of N in manure 
Under present manure disposal practices about 50% of the 
N in the animal manure is lost by runoff, ammonia 
volatilization, and denitrification before the manure is 
removed from the feedlot (Sutton, 1994). Volatilization is 
the gaseous loss of N (Nz' NH3 , NO, •.• ) to the atmosphere. 
About 50-60% N is often lost by ammonia (NH3 ) volatilization 
when manure is stored outside in a pile (Sutton et al., 1994). 
Slurry storage pits, however, have the least amount of N loss 
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from liquid manure systems because they are enclosed and have 
less volatilization of N (Hatfield et al., 1995). 
The fate of N in manure also depends on the type of 
application method. Different application methods vary in the 
amount of manure deposited on or in the soil as well as the 
amount of N lost (Hatfield et al., 1995). Of the two common 
manure application methods broadcast liquid manure has 
volatilization losses of 27%, whereas knifing liquid manure 
has volatilization loss of 5% (Mid-West Planning Service, 
1975). Sutton et ale (1994) observed that surface applied 
liquid manure has N losses of 10-25%, whereas injecting liquid 
manure has a N loss of only 0-3%. 
Application Rate of Manure 
The acceptable soil loading rates of manure are dependent 
on the crop grown, climate, time of application, soil type, 
manure composition, and mineralization rate. For example, in 
cooler climates, mineralization rates are lower and high soil 
loading is common. Xie and MacKenzie (1986) applied liquid 
hog manure in Alberta at two rates to soil under corn 
production. They observed highest corn yields with 240 kg 
manure N ha-'. 
without knowledge of the nutrient content of the soil and 
the manure prior to application of manure, it is difficult to 
apply proper rates to meet the soil fertility requirements of 
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the crop. For example, in Iowa, preplant application of 
liquid dairy manure, either broadcast or injected, produced 
corn yields equivalent to side-dressing 112 kg of N ha-1 in dry 
commercial fertilizer (Killorn, 1984). 
In the past, the issues on manure application to the land 
had been more concerned with the nutrient resource rather than 
with environmental aspects. Wallingford et ale (1975) 
observed that soil N03-N for all but the lowest beef manure 
treatment (123 Mg ha-1) were supplying N in excess of what 
could be removed by the corn forage. They reported that N03-N 
moved to a depth of 160 cm in the soil by the end of the 
experiment. 
Additions of high rates of manure to small areas of land 
may produce negative effects on crop yields. This is partly 
due to high salt levels in the manure. A concern in using 
animal manure is the buildup of soluble salts in soil that 
make it difficult for plants to extract water, reducing 
yields. Generally, the greatest increase in electrical 
conductivity (EC) in manure treated plots is with liquid beef 
> solid beef> liquid swine manure (Evans et al., 1977). 
Comparisons among manures for corn grain production 
indicate that hog manure N content was higher than that of 
beef manure and liquid manures were more effective than solid 
manures for producing maximum corn grain yields (Evans et al., 
1977; Miller and MacKenzie, 1978). Evans et al., (1977) 
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compared solid beef manure, liquid beef manure, and liquid 
swine manure at four rates of manure N for two successive 
years on soil cropped to corn in Minnesota. The corn grain 
yield varied from year-to-year but yields from the manure-
treated plots were not different from the inorganic fertilizer 
treated plots or the check plots. This was due to the N 
supplied in the manure throughout the season. Few 
researchers, however, have published work on the effect of 
swine manure applied to soybeans. 
Mineralization of N from Manure 
The inorganic fraction of animal manure (ammonium + N03-
N) is readily available for crop uptake after the manure is 
applied. Manure also contains organic N that is not readily 
available to plants. As the manure decomposes, organic N is 
mineralized and released in inorganic forms. 
Pratt et ale (1973, 1976) defined a decay series as the 
variable amount of inorganic N in different manures that is 
available to the first crop in a rotation and the gradual 
mineralization of the organic N over several years. Manure 
organic N mineralizes rapidly the first year with decreasing 
mineralization rates in subsequent years (Bouldin et al., 
1984; Klausner et al., 1994). Mineralization rate is 
dependent upon varied soil, climatic, and cultural practices, 
as well as the type of animal manure being applied and the 
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timing and method of application (Bouldin et al., 1984; EI-
Harris et al., 1983). Chae and Tabatabai (1986) estimated 
that the amount of organic N mineralized in 26 weeks from 
swine manure ranged from 16 to 52% of the total N in the 
manure. They speculated that the variation in mineralization 
rates was due to the different soil series tested. 
Researchers have described mineralization rates as a 
first order kinetic reaction. The rate decreases 
proportionately to the decline in substrate concentration 
because the rate is a direct function of concentration 
(Alexander, 1994). Although conclusions based on laboratory 
results could be misleading, knowledge of the mineralization 
rate of organic N applied to soils may improve manure N 
management by increasing the accuracy of predicting N 
availability. 
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LIQUID SWINE MANURE AND NITROGEN FERTILIZER EFFECTS 
ON SOYBEAN YIELD AND SOIL N03-N 
A paper to be submitted to 
The Agronomy Journal 
J.M. DeJOng' and Randy Killorn2 
Abstract 
An experiment was begun in 1993 to study the effect of 
animal manure on the yield of soybean in a corn (Zea mays L.)-
soybean (Glycine max) rotation. Application methods consisted 
of broadcast and injected liquid swine manure (LSM), and urea-
ammonium nitrate (UAN) fertilizer (28% N) at four rates of 
applied N from 0 to 252 kg N ha-'. Method of application did 
not effect soybean yield or soil phosphorus (P) and potassium 
(K) concentrations. Soybean yields in 1994 were higher in the 
manure treated plots than the UAN plots (2540 and 2310 kg ha-', 
respectively). Soil nitrogen (N) was affected by the method 
of application and the rate of UAN and LSM applied. The UAN 
treated plots had higher concentrations of soil N in the 
surface 30 cm. The highest rate of UAN and LSM had the 
'Graduate Research Assistant, Agronomy Department, Iowa State University, Ames IA_ 
2Extension Agronomist, Agronomy Department, Iowa State University, Ames IA. 
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highest soil N03-N concentrations. All methods of application 
and rates of N applied had similar inorganic soil N 
concentrations in the 30 to 120 cm soil profile. 
Introduction 
Nitrogen in manure can be utilized by crops, but it is of 
greater value to non-leguminous crops such as corn, forage 
grasses, and cereal grains. -In Iowa, a majority of the 
cropped land is in a corn-soybean rotation. Application of 
animal manure to soybean land is not considered an economical 
practice unless a surplus of manure exists from an animal 
confinement operation (Sutton et al., 1994). Legumes, such as 
soybeans, use atmospheric N and do not require N fertilizers. 
Legumes, however, are likely to use inorganic soil N in 
preference to atmospheric N, if soil N is abundant (Paul and 
Clark, 1989). 
Animal manure can be broadcast or injected into a soil 
that is to be cropped. It is important to incorporate manure 
to conserve nutrients and utilize its full fertilizer value. 
Incorporation also is important if the manure is applied in 
the spring or summer because ammonia (NH3 ) volatilization 
potential increases with warmer temperatures. Incorporating 
manure in the soil, either by direct injection or by tillage, 
will significantly reduce NH3 loss and odor associated with 
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manure. 
A disadvantage of incorporating animal manure is the 
large amounts of crop residue that are incorporated into the 
soil. Recent farm legislation in the united states requires 
crop producers to protect highly erodible soils from erosion. 
If crop residues are sparse, it may not be possible to 
incorporate manure into the soil and still meet conservation 
compliance requirements. Few experiments have been conducted 
utilizing animal manure under no-till or minimum till cropping 
systems. 
Few researchers have investigated the effects of N03-N 
leaching through the soil profile under land cropped to 
soybean. Jokela (1992) reported that the application of 
manure to soil cropped to corn resulted in similar or slightly 
lower soil profile N03-N than agronomically equivalent rates 
of inorganic fertilizer N. However, most of the N03-N 
remained in the upper 60 cm of the soil profile. 
Acceptable soil loading rates of manure are not well 
defined because of variability in composition, unpredictable 
mineralization rates, and lack of standards by which to define 
loading rates. The objective of this study was to compare the 
effect of various rates of liquid swine manure injected or 
broadcast to urea-ammonium nitrate (UAN) on soybean yield, 
soil N03-N concentration, and soil residue coverage over two 
growing seasons. 
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Materials and Methods 
Research was conducted over two growing seasons between 
March 1993 and October of 1994 at the Kluver Research Farm 
near Ames, Iowa. The soil series at this location are Clarion 
(fine-loamy, mixed, mesic, Typic Hapludolls) and Nicollet 
(fine-loamy, mixed, mesic, Aquic Hapludolls). Initial soil 
samples were taken in the surface 30 cm and analyzed for NH4-N 
and N03-N (Keeney and Nelson, 1982) using flow injection 
analysis (Lachat Instruments, 1990). Neutral, ammonium 
acetate (NH40Ac) extractable K was determined as described by 
Knudsen and Beegle (1988). Extractable P was determined by 
the Bray P-1 method (Knudsen and Beegle, 1988). Soil pH was 
measured using the saturated soil paste method (Rhoades, 1982) 
(Table 1). 
Two sources of N were applied to the soil: liquid swine 
manure (LSM) and urea-ammonium nitrate fertilizer (28% N, w/w) 
Table 1. Kluver preliminary soil test in 1993 and 1994. 
Year Depth OMz pH P K NO -N 3 NH -N 4 
(cm) (g kg-') -----------(mg kg-' ) ----------
1993 0-30 24.3 6.1 6.37 85.9 5.74 3.55 
1994 0-15 25.6 5.8 10.0 93.6 5.18 3.37 
zOM = organic matter content 
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(UAN). Two methods of application were used: broadcast 
(manure and N-fertilizer) and injected (manure only). Each 
year the treatments were applied to the soybeans in a corn-
soybean rotation. 
UAN fertilizer was applied at rates of 0, 84, 168, and 
252 kg N ha- 1 in 1993 and 1994. Liquid swine manure, obtained 
from a slurry pit at the Iowa state University swine Nutrition 
Research Center, was applied in the spring of each year using 
a standard 11 250 L pressure/vacuum manure tank equipped with 
three knives spaced 75 cm apart, prior to planting. The rates 
applied were 0, 19, 32.9, and 60.6 Mg ha- 1 in 1993, and 0, 
14.6, 21.9, and 51.2 Mg ha-1 in 1994. Injected manure 
treatments were knifed to a depth of 15 cm in both years. 
Load cells were added to the manure spreader to measure the 
actual weight of manure applied to plots in 1994. Each year, 
manure samples were collected at the time of application and 
sealed in plastic bottles and kept at 4°C until analysis by 
the Analytical Services Laboratory at Iowa State University 
(Table 2). The samples were analyzed for total N, NH4-N, 
total P and K, and % solids. The actual amounts of N applied 
are shown in Table 3. 
The two methods of application and four rates of UAN and 
LSM were arranged in a split-plot, randomized complete-block 
design with four replications. Main plots were the methods of 
application and the sub-plots were the rates of N applied. 
14 
Table 2. Liquid swine manure nutrient values at time of 
application in 1993 and 1994. 
Total P Total K NH -N 4 Solids 
------------- (mg L- 1) --------------- - (g kg- 1)-
1993 3920 1015 2160 3810 27 
1994 3900 1095 2270 1120 31 
ZTotal Kjeldahl Nitrogen 
Table 3. N content of the liquid swine manure for each rate 
applied in 1993 and 1994. 
Rate 1993 1994 1993 1994 1993 1994 
--(kg N ha- 1)-- -- (kg P20S ha- 1) -- --(kg ~O ha- 1)--
Low 70.4 53.8 41.1 34.4 46.7 37.8 
Medium 121. 7 64.4 71. 6 51.5 80.8 56.6 
High 224.5 188.4 132.1 120.2 149.0 132.2 
Plot size was 12 by 4.6 meters. 
Corn (Zea mays L. , Pioneer 3417) was planted at a rate of 
68 400 seeds ha- 1 in 76 cm rows in both the 1993 and 1994 
growing seasons. Planting dates were 15 May 1994 and 29 April 
1995. Soybeans (Glycine max var. Kenwood) were planted at a 
rate "of 400 000 seeds ha- 1 in 76 cm rows 19 May in 1993, and 29 
April in 1994. A conventional four-row planter was used in 
1993 and a no-till four-row planter was used in 1994. The no-
till planter had frame mounted 1.9 cm fluted coulters equipped 
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with 30 cm diameter notched disc furrowers. 
Four rates of N, 134, 168, 185, and 200 kg N ha- 1 , were 
applied to the corn on 12 July 1993, and one rate of 120 kg 
ha-1 on 16 June 1994. The UAN fertilizer requirement for the 
corn plots was estimated by using a pre-sidedress soil N test 
(Magdoff et al., 1984). 
Herbicide (2.3 L ha- 1 glyphosate) in 1993, was applied at 
planting (19 May) to the soybean field. On 26 July, 2.3 L ha- 1 
crop oil, 2 L ha- 1 bentazon, 0.35 L ha- 1 acifluorfen, and 0.43 L 
ha-1 sethoxydim also were applied to the soybean crop. In 
1994, 8.2 L ha- 1 alachlor, 3.5 L ha- 1 glyphosate in 0.50 L ha- 1 
ammonium sulfate, were applied 6 days after planting soybeans. 
Glyphosate was reapplied on 12 May due to rain after the first 
herbicide application. On 7 June, 1.2 L ha-1 bentazon, 1. 2 L 
ha- 1 acifluorfen, 0.29 L ha- 1 sethoxydim, 4.7 L ha- 1 crop oil in 
0.50 L ha- 1 ammonium sulfate were applied to the soybeans. 
Herbicide (4.7 L ha- 1 cyanazine and 8.2 L ha-1 alachlor) 
was applied to the corn field in 1993 on the same day as 
planting. 
Herbicide (8.2 L ha-1 alachlor, 3.5 L ha- 1 glyphosate in 
0.50 L ha- 1 ammonium sulfate) was applied to the corn field six 
days after planting in 1994. On 25 May 1994, 3.5 L ha- 1 
dicamba also was applied to the corn. 
On 6 May 1993 and 7 April 1994, the amount of residue on 
the soil's surface before planting was measured (SCS, 1991). 
16 
To determine the decrease in residue due to planting and 
application of treatments, the residue coverage also was 
measured on 20 May 1993 and 4 May 1994. 
Other data collected included measurements of daily 
precipitation recorded from a weather station installed at the 
site. In 1993 and 1994, four porous cup lysimeters were 
installed at a depth of 120 cm in the two middle rows of four 
soybean plots after planting. Three lysimeters were installed 
in plots that received the high rates of injected manure, 
broadcast manure, and UAN. One lysimeter was installed in a 
control plot. Water samples were collected after each 
rainfall (> 2 to 3 cm) or once a week and analyzed for N03-N 
(Keeney and Nelson, 1982) using flow injection analysis 
(Lachat Instruments, 1990). 
Soil samples were taken in 30 cm increments to a depth of 
120 cm from the two middle rows of each soybean plot on 23 
April, 15 June, 13 July, 4 August, and 29 October in 1993 and 
on 31 March, 17 May, 7 July, 15 August, and 27 September in 
1994. Soil in the corn plots also was sampled to a depth of 
30 cm on 15 June, 4 August, 8 November in 1993 and on 7 April 
and 6 June in 1994. Soil samples were dried at 34° C for two 
days and ground to pass through a 2 rom sieve. Electrical 
conductivity (EC) of the soil was measured using the saturated 
soil paste method (Rhoades, 1982). 
Soybean yield was measured to determine differences in N 
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utilization efficiency with different application methods and 
rates of N sources. The soybeans in the 11.25 m of the two 
center rows of each soybean plot in replications three and 
four were harvested on 6 October 1993 using a small plot 
combine. Due to mechanical difficulties, replications one and 
two had to be hand harvested the following day. The hand 
harvested area consisted of 6 meters of the two middle rows of 
each plot. In 1994, soybeans were harvested on the 19th and 
20th of September using a small plot soybean combine. 
The two middle rows of each corn plot were harvested on 
14 October 1993 and on 6 October 1994 using a small plot 
combine. In 1993 only replications one and three were 
harvested. Soybean and corn grain were weighed on site and 
subsamples were weighed and dried to determine moisture 
content. Subsamples of the dried grain were ground and then 
digested using H2S04/H20 2 (Hach Company, 1988). The total N 
content of the extracts were determined colormetrically (Hach 
Company, 1988). 
Results and Discussion 
1993 was a very wet year. July precipitation alone was 
more than 300 rom above normal (Figure 1). The temperatures in 
1993 also were cooler than other years. Precipitation and 
temperature were near ideal for crop growth in 1994. 
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Figure 1. Deviations from long-term average rainfall at the Kluver Farm, June - september, in 1993 and 1994. Numbers in parenthesis are long-term, average rainfall. 
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Soybean yield and Grain Nitrogen content 
Soybean yields in 1993 ranged from 1100 to 1830 kg ha- 1 
(Table 4) and were not affected by N application rate or 
method of application. Lack of treatment effects was probably 
due to a combination of excessive rainfall and late planting. 
Total N concentrations of soybean grain were not affected 
by rates or methods of application in 1993 (Table 4). Plots 
treated with UAN fertilizer had the highest N uptake (Table 
4). Lower N uptake from the manure plots was probably due to 
low manure mineralization rates from the cool, wet weather in 
1993. 
Ideal crop growth conditions in 1994 lead to higher 
yields. Soybean yields for 1994 ranged from 1880 to 2890 kg 
ha- 1 and were affected by the method and rate of N applied. 
Yields tended to increase with increase in manure rate but not 
with rate of UAN. yields were highest in manure treatments 
(Table 5). Soil P and K concentrations were low at the Kluver 
farm (Table 1) and it is probable that the lower yields with 
UAN fertilizer were due to P and/or K deficiency in UAN plots. 
Manure contains P and K that can improve grain yield. yields 
were greater in plots receiving manure, at all rates, compared 
to the control plots that received no additional N. The 
highest rates of manure produced the greatest yield (Table 5). 
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Table 4. Mean soybean yield, grain N uptake, and N 
concentrations in grain as affected by rate and 
method of application of animal manure and UAN 
fertilizer in 1993. 
N N uptake 
Method Rate Yield in grain in grain 
1993 (kg ha-1) (g kg- 1) (kg ha- 1) 
Broadcast 0 1240 64.8 80.4 
Low 1310 6S.2 8S.4 
Med 1270 64.S 81.9 
High 1330 64.2 8S.4 
Mean 1290 64.7 83.S 
UAN 0 1360 6S.2 88.7 
Low lS90 64.S 102.6 
Med 1830 6S.0 119.0 
High 1490 62.4 93.0 
Mean lS70 64.3 101. 0 
Inject 0 1340 63.1 8S.S 
Low 1100 64.7 71.2 
Med 1760 62.4 109.8 
High 1660 63.6 10S.6 
Mean 1470 63.4 93.2 
Pr>f method 0.209 0.298 0.023 
Pr>f rate 0.292 0.229 0.488 
LSD (O.OS) method NS NS 21.8 
LSD (O.OS) rate NS NS 2S.1 
Total N concentration of soybean grain was not affected 
by rate or method of application in 1994. N uptake in the 
soybean grain increased with rates and was greater in manure 
treatments than the UAN fertilizer treatments (Table S). The 
highest manure rate had the greatest N uptake in the grain' 
(Table S). 
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Table 5. Mean soybean yield, grain N uptake, and N 
concentration in grain as affected by rate and method 
of application of animal manure and UAN fertilizer in 
1994. 
N N uptake 
Method Rate yield in grain in grain 
1994 (kg ha-') (g kg- 1) (kg ha-1) 
Broadcast 0 2110 63.5 134.0 
Low 2670 63.4 169.3 
Med 2520 62.1 156.5 
High 2890 63.8 184.4 
Mean 2550 63.2 161.2 
UAN 0 2100 62.6 131.5 
Low 1940 64.3 124.8 
Med 1880 63.8 119.9 
High 2180 67.2 146.5 
Mean 2030 64.5 130.9 
Inject 0 2270 62.1 141. 0 
Low 2630 63.9 168.1 
Med 2530 64.9 164.2 
High 2670 66.5 177.6 
Mean 2530 64.4 162.9 
Pr>f method 0.004 0.189 0.002 
Pr>f rate 0.015 0.144 0.007 
LSD (0.05) method 219.0 NS 18.1 
LSD (0.05) rate 252.9 NS 20.9 
Corn grain yields averaged 7.12 Mg ha- 1 in 1993 and 7.78 
Mg ha- 1 in 1994 (Table 6). Corn grain yields were not affected 
by rate or method of application of the previous year's manure 
treatments in either year. 
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Table 6. Effects of method of animal manure application and 
rate to the previous year's soybean on corn grain 
yields in 1993 and 1994 (adjusted to 15.5% moisture 
content) . 
Method 
Broadcast 
UAN 
Inject 
Mean 
Pr>f 
Pr>f 
Rate 
0 
Low 
Med 
High 
0 
Low 
Med 
High 
0 
Low 
Med 
High 
method 
rate 
Soil Nitrate and Ammonium 
yield 
1993 1994 
-------(Mg ha -1) ------_ 
6.90 6.87 
6.09 6.88 
8.11 7.45 
6.68 7.96 
7.19 7.81 
5.30 6.15 
5.90 5.94 
6.29 7.96 
6.26 7.21 
7.27 7.99 
6.65 7.21 
7.02 7.69 
7.12 7.78 
0.416 0.373 
0.584 0.147 
Soil NH4-N and N03-N were significantly affected by 
sampling time and depth in both years (Tables 7 and 8). In 
order to look at the effects of different interactions between 
time, rate of N applied, method of application, and depth, 
these factors were graphed separately. In 1993, all methods 
of application had similar concentrations of soil NH4-N 
throughout the soil profile. All rates of manure and UAN 
applied had the highest soil NH4-N concentrations in the 
surface 30 cm of the soil profile, which decreased with depth 
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Table 7. Analysis of variance of the effect of LSM and UAN 
method and rate of application on soil NH4-N and N03-N at the Kluver Research Farm in 1993. 
NH4-N NO -N 3 Source df MSE Pr>f MSE Pr>f 
Replication (Rep) 3 3.65 0.1959 6.43 0.0895 
Method (M) 2 10.81 0.2322 62.43 0.0442 
Rep*M (error a) Z 6 5.75 0.0240 11.38 0.0011 
Rate 1 4.99 0.2459 71.94 0.0146 
Rate*M 2 1.19 0.7023 22.81 0.1076 
Rep*Rate*M (error b) Z 9 3.24 0.1896 7.90 0.0054 
Sampling Depth (D) 3 134.1 0.0001 159.7 0.0001 
D*M 6 2.26 0.2483 9.62 0.0274 
D*Rate 3 4.65 0.0492 21.88 0.0014 
D*M*Rate 6 2.16 0.2735 4.00 0.3843 
Sampling Time (T) 3 361.0 0.0001 75.23 0.0001 
T*M 6 11.68 0.0001 5.23 0.1035 
T*Rate 3 16.02 0.0002 8.75 0.0321 
T*M*Rate 6 3.11 0.2383 8.83 0.0075 
T*D 9 14.95 0.0001 12.73 0.0001 
T*D*Rate 9 7.69 0.0008 7.57 0.0076 
Z Error a was used to test the significance of M and error b 
was used to test Rate and Rate*M. 
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Table 8. Analysis of variance of the effect of LSM and UAN 
method and rate of application on soil N03-N and NH4-N the Kluver Research Farm in 1994. 
Source df 
Replication (Rep) 3 226.2 0.0001 10.42 0.5308 
Method (M) 2 138.9 0.0163 246.8 0.0416 
Rep*M (error a) 6 15.71 0.6371 43.64 0.0057 
Rate 3 91.94 0.1284 567.2 0.0001 
Rate*M 6 77.44 0.1500 145.8 0.0076 
Rep*Rate*M (error b)z 27 44.51 0.0020 38.84 0.0001 
Sampling Depth (D) 3 523.3 0.0001 2341. 0.0001 
D*M 6 71.29 0.0047 95.64 0.0007 
D*Rate 9 62.10 0.0041 195.3 0.0001 
D*M*Rate 18 52.06 0.0025 61. 28 0.0008 
Sampling Time (T) 3 71.22 0.0219 1448. 0.0001 
T*M 6 25.68 0.3214 38.23 0.0138 
T*Rate 9 47.25 0.0244 16.02 0.3385 
T*D 9 72.45 0.0007 341.2 0.0001 
T*D*Rate 18 39.45 0.0092 14.51 0.4292 
Z Error a was used to test the significance of M and error b 
was used to test Rate and Rate*M. 
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to 120 cm (Figure 2, 3, and 4). Soil NH4-N concentrations 
were highest at the 15 June sampling date and decreased over 
time. More importantly there was a decrease in NH4-N 
concentrations between the first and second sampling time (15 
June and 13 July). The high rates of manure and UAN had a 
higher soil NH4-N concentration than the other three rates on 
15 June 1993 (Figure 2, 3, and 4). There was no difference 
between the medium, low, and control rates, therefore, only 
the control is shown to make comparisons to the high rate of N 
applied. All rates were similar throughout the remainder of 
the growing season. 
Differences in soil N03-N concentrations were observed 
among the different methods of application on the 15 June 
sampling date in 1993 (Figure 5, 6, and 7). At subsequent 
sampling times soil N03-N concentrations under different 
treatments were not significantly different and were lower 
than at the initial sampling time. Differences in soil NO -N 3 
due to methods of application were only observed in the 
surface 30 cm of the soil profile. UAN treated plots had 
higher soil N03-N concentrations in the surface 30 cm than the 
manure treatments. This may be because at the time of 
application, UAN had a higher concentration of N03-N than 
manure where N03-N is mineralized and nitrified over time. 
The high rates of manure and UAN had the highest soil 
N03-N concentrations in 1993. There was no difference in N03-N 
26 
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concentrations between the medium, low, and control rates, 
~ 
therefore, only the control is shown to make comparisons to 
the high rate of N applied. 
soil NH4-N concentrations were affected by method of 
application, soil sampling depth, and time of sampling in 1994 
(Table 8). All methods of application had similar decreases 
in soil NH4-N concentrations over sampling time and depth 
(Figure 8, 9, and 10). with the exception of the third 
sampling date in the injected manure treatments (Figure 10c) 
where the 30-60 cm depth had higher soil NH4-N concentrations 
than the previous sampling date for all rates applied except 
the low rate of manure applied. Both the broadcast and 
injected application methods had the greatest NH4-N 
concentrations in the surface 30 cm which decreased with 
depth. The highest rate of UAN had greater than twice the 
NH4-N concentration in the surface 30 cm of the soil profile 
as the manure treated plots on the first and second soil 
sampling dates. The highest rate of UAN applied had greater 
soil NH4-N concentrations than the lower UAN rates. The 
manure treated plots had similar soil NH4-N concentrations 
regardless of the rate of manure applied. There was a slight 
increase in the concentration of NH4-N in the soil profile on 
15 August 1994 for all rates of N applied. Soil N03-N 
concentrations were affected by the method of application, 
rate of N applied, soil sampling depth, and time of sampling 
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36 
in 1994 (Tab~e 8). 
I 
The broadcast and injected methods of application had 
similar decreases of soil N03-N concentrations over sampling 
time and depth (Figure 11, 12, and 13). All application 
methods had greater N03-N concentrations in the surface 30 cm 
of the soil profile. However, the high rate of UAN had the 
highest soil N03-N in the surface 30 cm of the soil. 
Regardless of the N source, the highest rate of manure 
and UAN had the highest N03-N concentration in the surface 30 
cm of the soil profile. The high rate of UAN had the greatest 
N03-N concentration at all sampling times. By the third 
sampling date (15 August) the manure treated plots had similar 
N03-N concentrations for all rates. Generally, the broadcast 
manure treated plots had greater N03-N concentrations in the 
surface 30 cm of the soil profile than the injected manure 
plots. The difference was not statistically significant and 
may have been due to soil sampling error in the injected 
manure plots. There may be variability in N concentration 
because of the accumulation of manure in isolated bands across 
the plot. There was no attempt to identify the location of 
the bands, therefore, it was possible when soil sampling to 
miss a band and obtain a low soil N concentration. 
By the end of the growing season all rates of broadcast 
and injected manure and UAN plots had < 10 mg N03-N kg- 1 at 120 
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cm of the sampling profile, with the exception of the high 
rate of UAN. 
Phosphorus and Potassium 
Concentrations of soil P and K to a depth of 30 cm of the 
soil profile were not affected by application rate or method 
of manure and UAN application in 1993 (Table 9). It is 
possible that P and K were lost through surface runoff because 
of excess rain in 1993. 
Application method and rate applied were significant at 
the 0.05 probability level on Bray P-1 extractable soil P 
measured in the top 30 cm of the soil profile in 1994 (Table 
9). Soil P concentrations were higher for both manure 
treatments than the UAN fertilizer treatment. This is due to 
available P in the manure. Broadcast manure generally had a 
higher concentration of P than injected manure in the top 30 
cm. As mentioned before, this may have been due to sampling 
error in the injected manure plots. Broadcast and injected 
plots with a medium or high rate of manure had higher soil P 
concentrations than control plots. There were no differences 
in Bray P-1 extractable P due to rate of N applied in UAN 
plots nor were any expected. 
Soil K concentrations in the top 30 cm of the soil 
profile were affected by application method in 1994 (Table 9). 
The soil K concentration was higher in the broadcast manure 
41 
Table 9. Soil P and K concentrations after planting in the top 
30 cm of the soil profile for each method and rate of 
application at the Kluver Farm. 
1993 1994 
Method Rate P K P K 
---------------(mg kg- 1) -------------
Broadcast 0 11.3 82.5 8.3 73.1 
Low 13.8 94.5 11.0 78.0 
Med 20.9 101.3 12.8 91.9 
High 18.2 97.9 19.1 87.9 
Mean 16.1 94.1 12.8 82.7 
UAN 0 7.6 82.5 8.8 76.9 
Low 5.9 79.9 6.4 67.9 
Med 7.6 80.6 7.5 70.9 
High 4.6 55.9 8.2 69.4 
Mean 6.4 74.7 7.7 71.3 
Inject 0 6.3 79.5 9.5 75.3 
Low 8.7 85.5 9.8 77.6 
Med 9.5 81.2 12.2 77.3 
High 12.6 99.0 11.8 74.6 
Mean 9.3 86.3 10.8 76.3 
Pr>f method 0.0891 0.0884 0.0006 0.0059 
Pr>f rate 0.1938 0.7435 0.0373 0.2889 
LSD(0.05) method NS NS 2.7 5.4 
LSD(0.05) rate NS NS 3.1 NS 
plots than in the injected manure and UAN fertilizer plots. 
This may have been due to sampling error in the injected 
manure plots. There were no differences in soil K 
concentrations due to rate of manure applied (Table 9). Plots 
broadcast with the high rate of manure had higher soil K 
concentrations than all other treatments. UAN treated plots 
42 
had lower K concentrations because there was no K added to the 
soil. 
White and Logan (1981), recommended applying 270 kg of N 
ha- 1 in swine manure for a soybean crop in a corn-soybean 
rotation to meet the P and K requirements of the crop. This 
rate is greater than our high rate of swine manure (240 kg N 
ha- 1) • 
Soil pH and EC 
There were no differences in soil pH due to rate or 
method of application of UAN and manure in 1993 (Table 10). 
However, for all methods and rates, pH values of the soil in 
the surface 15 cm had an average decrease from 5.8 to 5.3 from 
15 June to 4 August (Table 10). Soil pH will decrease with 
the application of organic N because as NH4-N is converted to 
N03-N in the soil H+ ions are released. 
Table 10. Effects of time, rate, and method of manure and UAN 
application on pH in the surface 15 cm of the soil 
profile at the Kluver Farm in 1993. 
Rate 
Method Control Low Medium High 
Time Time Time Time 
1z 2Y 1 2 1 2 1 2 
Broadcast 6.2 5.4 5.7 5.3 5.5 5.3 5.9 5.2 
UAN 5.4 5.1 6.2 5.5 6.1 5.1 5.7 5.1 
Inject 5.9 5.3 5.7 5.3 5.8 5.2 5.4 5.2 
Mean 5.8 5.3 5.9 5.4 5.8 5.2 5.7 5.2 
43 
Pr>f method = 0.6918 LSD(0.05) method = NS 
Pr>f rate = 0.3467 LSD(0.05) rate = NS 
Pr>f time = 0.0001 LSD(0.05) time = 0.2 
zTime 1 = 15 June 1993 YTime 2 = 4 August 1993 
There were no differences in soil EC due to rate or 
method of application of manure and UAN in 1993 (Table 11). 
For all methods and rates, soil EC in the surface 15 cm had an 
average decrease from 0.49 to 0.30 dS m-' between sampling 
times (Table 11). 
In 1994, pH was not affected by rate or method of 
application (Table 12). However, for all methods of 
Table 11. Effect of time, rate, and method of manure and UAN 
application on the EC in the surface 15 cm of the 
soil profile at the Kluver Farm in 1993. 
Rate 
Method control Low Medium High 
Time Time Time 
1 2 1 2 1 2 
--------------------(dS m-')----------------------
Broadcast 0.51 0.32 0.46 0.27 0.42 0.27 0.50 0.31 
UAN 0.35 0.29 0.63 0.39 0.60 0.24 0.71 0.24 
Inject 0.43 0.26 0.38 0.27 0.50 0.26 0.41 0.24 
Mean 0.43 0.29 0.49 0.31 0.51 0.34 0.54 0.26 
Pr>f method = 0.3321 LSD(0.05) method = NS 
Pr>f rate = 0.3373 LSD(0.05) rate = NS 
Pr>f time = 0.0001 LSD(0.05) time = 0.06 
zTime 1 = 15 June 1993 YTime 2 = 4 August 1993 
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Table 12. Effects of time, rate, and method of application of 
manure and UAN on soil pH in the surface 30 cm of 
the soil profile at the Kluver Farm in 1994. 
Method Control 
Time 
1z 2Y 
Broadcast 5.5 5.5 
UAN 5.3 5.1 
Inject 5.3 5.2 
Mean 
Pr>f 
Pr>f 
Pr>f 
zTime 
5.4 5.3 
method = 0.3296 
rate = 0.2016 
time = 0.0001 
1 = 17 May 1994 
1 
5.2 
5.4 
5.4 
5.3 
Low 
Time 
2 
5.3 
5.2 
5.2 
5.2 
Rate 
Medium 
Time 
1 
5.3 
5.3 
5.5 
5.4 
LSD(0.05) 
LSD(0.05) 
LSD(0.05) 
2 
5.1 
5.2 
5.2 
5.2 
High 
Time 
1 2 
5.3 5.2 
5.3 5.1 
5.1 5.2 
5.2 5.1 
YTime 2 = 15 
method = NS 
rate = NS 
time = 0.1 
August 1994 
application and rates of N applied, pH values in the top 30 cm 
decreased from 5.3 to 5.2 from 17 May to 15 August. This 
decrease was not as pronounced as the decrease in 1993. 
There were no differences in soil EC attributable to the 
method of application in 1994 (Table 13). Soil EC decreased 
from 0.56 to 0.32 dS m- 1 from 17 May to 15 August. On both 
sampling dates, the highest rate of N applied, regardless of 
the N source, had the highest soil EC. Decreased yields due 
to high salt content in beef manure have been reported but 
swine manure has a lower salt content (Evans et al., 1977). 
The annual precipitation in Iowa probably tempered the salt 
effect by leaching the soluble salts down through the soil profile. 
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Table 13. Effects of time, rate, and method of application of 
manure and UAN on EC in the surface 30 cm of the 
soil profile at the Kluver Farm in 1994. 
Rate 
Method Control Low 
Time Time 
1z 2Y 1 2 
----------------------(dS 
Broadcast 0.67 0.25 
UAN 0.43 0.29 
Inject 0.39 0.31 
Mean 
Pr>f 
Pr>f 
Pr>f 
zTime 
0.37 0.28 
method = 0.5666 
rate = 0.0004 
time = 0.0001 
1 = 17 May 1994 
Residue Coverage 
0.60 0.27 
0.54 0.26 
0.52 0.32 
0.55 0.28 
Medium High 
Time Time 
1 2 1 2 
m- 1)-------------_________ 
0.55 0.27 
0.60 0.26 
0.65 0.27 
0.60 0.27 
LSD(0.05) 
LSD(0.05) 
LSD(0.05) 
0.86 0.34 
0.60 0.66 
0.63 0.36 
0.70 0.45 
method = NS 
rate = 0.10 
time = 0.08 
August 1994 YTime 2 = 15 
Initial residue cover prior to planting for the entire 
field was 88.8% and 67.8% for 1993 and 1994, respectively 
(Table 14). The lower initial residue cover in 1994 was due 
to poor crop yields the previous year. After planting, 
broadcast manure and UAN plots had an average residue cover of 
83.2% in 1993, and 47.1% in 1994. This is a decrease of 
approximately 6.5% in 1993 and 31% in 1994 from before to 
after planting. Injected manure had a residue cover of 43.6% 
in 1993 and 58.7% in 1994 with a decrease of 34% in 1993 and 
36% in 1993 from before to after planting. In 1994, a no-till 
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Table 14. Percent residue cover for soybean field 
before and after planting in 1993 and 1994. 
Residue Cover 1993 1994 
Before Planting -------(%)-------
Field Total 
After Planting 
Broadcast 
Inject 
UAN Fertilizer 
88.8 
83.2 
58.7 
83.0 
67.8 
47.1 
43.6 
47.0 
planter was used which incorporated more residue than the 
conventional planter used in 1993 accounting for some of the 
decrease in residue cover. 
Lysimeters 
These data are not replicated and are considered to be 
semi-quantitative at best. 
At the time of installation of lysimeters in 1993, free 
water was apparent at a depth of 120 cm. Water removed from 
lysimeters in broadcast and injected manure, and UAN plots 
receiving the high rate of applied manure and UAN had similar 
N03-N concentrations ranging from 1 to 13 mg kg-
1 throughout 
the 1993 season (Figure 14). The samples from the control 
plot had higher N03-N concentrations than the treated plots 
with an average of 19 mg kg- 1 (Figure 14). It is possible that 
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Figure 14. Lysimeter N03-N concentrations in plots at Kluver Farm from June to September 1993, for all methods 
of application (Inject = Injected manure plot, Bdcst = Broadcast manure plot, UAN = N fertilizer 
plot. ) 
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the higher N03-N in the control plot may be due to lateral 
water flow or contact of the lysimeter with the water table 
(Khan and Fenton, 1994). water tables were higher in 1993 due 
to above average precipitation. 
Nitrate-N concentrations were higher in 1994 than in 1993 
(Figure 15). Nitrate-N concentrations were highest in the UAN 
treated plots peaking at 49 mg kg- 1 in early July. The second 
highest N03-N concentration was in the injected manure plots, 
peaking at 32 mg kg- 1 in early July. Under broadcast manure 
treated plots N03-N concentrations peaked at 16 mg kg- 1 in late 
June. The control plot lysimeter had the lowest N03-N 
concentrations. UAN was expected to have higher N03-N 
concentrations because there was a one time application of 
N03-N that is readily available for leaching. Manure, on the 
other hand, has a slow release of inorganic N throughout the 
season, decreasing the potential for leaching. By late August 
lysimeters were dry and no further data were collected. 
Lysimeters installed in the soil have preferential 
sampling of macropores and may not receive water from 
micropores (Parker, 1984). Nitrate-N estimated from 
lysimeters are not quantitative and only estimate the N03-N 
that is quickly moving through the soil profile. Soil samples 
taken at the same depth average the N03-N concentration for 
all water in soil pores and this concentration is 
quantitative. 
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Figure 15. Lysimeter N03-N concentrations in plots at Kluver Farm from May to september 1994 for all methods of 
application (Inject = Injected manure plot, Bdcst Broadcast manure plot, UAN = N fertilizer plot) . 
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Summary 
Nitrogen application rate did not affect the 
concentration of soil N03-N at 120 cm in the soil profile. 
Therefore, with the climatic and soil conditions at the site 
there was no apparent ground water contamination. Based on 
these results, it is possible to apply liquid swine manure at 
a rate of 240 kg total N ha- 1 on soybeans in a corn-soybean 
rotation with little or no effect on groundwater quality. 
Although, attention should be placed on possible macropore 
flow of mobile nutrients to ground water sources. 
Yields were higher with manure treatments than UAN 
treatments in 1994. This was probably due to the available P 
and K in the manure. 
Broadcast and injected manure applications resulted in 
similar soil N concentrations and yields. However, injection 
of manure is recommended to decrease odor problems, NH3 
volatilization, and surface runoff of manure. Further 
research needs to be conducted on N loss from surface runoff. 
Residue cover decreased more with the injected manure 
treatments than broadcast manure, but was still within the 
Soil Conservation Service's guideline for no-till farming by 
maintaining 40% residue cover. 
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THE EFFECTS OF RESIDUAL LIQUID SWINE MANURE ON 
MINERALIZATION OF NITROGEN IN AN IOWA SOIL 
A paper to be submitted to the 
Agronomy Journal 
J.M. DeJong' and Randy Killorn2 
Abstract 
This study was conducted to compare the mineralization of 
nitrogen (N) in soil amended with previous applications of 
four rates of N ranging from 0-252 kg N ha-' with three 
application methods [broadcast liquid swine manure, injected 
liquid swine manure (LSM), and urea-ammonium nitrate (UAN)]. 
The treatments were applied to the soybeans (Glycine max) in a 
corn (Zea mays L.)-soybean rotation in the spring of 1994. A 
liquid swine manure rate equivalent to 60 Mg ha-' was applied 
to the soil samples in the laboratory the fall of that same 
year. Net mineralization of N in soil incubated at 300 C was 
determined over a 24 week period at intervals of 2, 2, 2, 2, 
4, 4, 4, and 4 weeks. Initially, N mineralization rates were 
rapid followed by a subsequent slow rate of N release. Total 
N mineralized in 24 weeks of incubation ranged from 82.3 to 
'Graduate Research Assistant, Agronomy Department, Iowa State University, Ames IA. 
2Extension Agronomist, Agronomy Department, Iowa State University, Ames IA. 
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89.2 mg nitrate-nitrogen (N03-N) kg-'. Mineralization rates 
did not differ significantly among previous methods of N 
application. Mineralization rates were significantly affected 
by time and the time*rate interaction of N applied. In this 
study, N mineralization was best described as the 
decomposition of two distinct organic-N pools. The amount of 
N mineralized for each rate of N applied during the first four 
weeks of incubation ranged from 15.8% to 19.1% per week of the 
total mineralizable N. From 6-24 weeks an average of 5.7% of 
the nitrogen present in this pool was mineralized each week. 
Introduction 
The inorganic fraction of animal manure [ammonium (NH4-N) 
+ N03-N] is readily available for crop uptake after manure is 
applied. Manure also contains organic N that is not available 
to plants. As the manure decomposes, organic N is mineralized 
or released in inorganic forms. At an equal rate of total N, 
nitrogen availability to crops is lower in manure than in 
inorganic fertilizer because organically bound N is released 
slowly from the manure, and ammonia (NH3 ) is volatilized if 
the manure is surface applied (Jokela, 1992). 
Organic N in manure mineralizes rapidly the year of 
application. Mineralization rates decrease in subsequent 
years (Bouldin et al., 1984; Klausner et al., 1994). Nitrogen 
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availability is often estimated using a decay series. Pratt 
et al. (1973, 1976) defined a decay series as the variable 
amount of inorganic N in different manures that is available 
to the first crop in a rotation and the gradual mineralization 
of the organic N over several years. Assessing the 
potentially leachable N03-N in a soil amended with animal 
manure is difficult because there are no universal decay 
constants to determine the rate at which animal manure will 
decompose and release N. Mineralization rate is dependent 
upon varied soil, climatic, and cultural variables, as well as 
the type of animal manure being applied and the timing and 
method of application (Bouldin et al., 1984; El-Harris et al., 
1983). 
Soils previously amended with animal manures for several 
years generally have high N mineralization capacities (Griffen 
and Laine, 1983). site specific soil studies on manure 
mineralization rates are needed to predict the fate of N in 
manure when applied to land. The objective of this study was 
to compare the mineralization rates in soil amended with 
organic N in liquid swine manure and UAN fertilizer. 
Materials and Methods 
Soils and Manure 
Soil samples used in the experiment were collected from a 
manure research plot near Ames, Iowa. Before the soil samples 
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used in this study were collected from the field, different N 
treatments were applied as either liquid swine manure (LSM) or 
urea-ammonium nitrate fertilizer (28% N w/w) (UAN). UAN was 
injected at rates of 0, 84, 168, and 252 kg N ha- 1 in 1994. 
Manure was broadcast or injected at rates to supply 0, 50, 75, 
and 200 kg total N ha-1 in 1994. The treatments were applied 
to the soybeans (Glycine max var. Kenwood) of a corn (Zea mays 
L., Pioneer 3417)-soybean rotation. The experiment was 
arranged as a split-plot, randomized complete-block design 
with four replications. The main plots were the methods of 
application and the sub-plots were the rates of N applied. 
Table 1 shows the total amount of N, phosphorus (P), and 
potassium (K) actually applied to the soil from manure and UAN 
fertilizer in the spring of 1994. 
Four months after treatments were applied to the field 
plots (9 August 1994), soil samples were collected from each 
plot to a depth of 15 cm. The soil samples were stored at 4° 
C for two days then were divided into two portions. The first 
portion was air dried for 24 hours, and ground with mortar and 
pestle to pass through a 2-mm sieve and was used in the 
incubation experiments studying N mineralization. To 
determine the initial nutrient content of the soil (Table 1), 
a second portion was oven dried at 38° C for 2 days and ground 
to pass through a 2-mm sieve. Nitrate-N and NH4-N were 
determined by extracting with 2 M KCI. These extracts were 
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Table 1. Actual amounts of N, P, and K applied to the soil, 
soil characteristicsZ and nutrient content to a 
depth of 15 cm collected at Kluver Research Farm, 
9 August 1994. 
Rate NY P K 
-----(kg h -,) a -----
Broadcast 
Control 
Low 53.8 34.4 37.8 
Medium 64.4 51.5 56.6 
High 188.4 120.2 132.2 
UAN Fertilizer 
Control 
Low 84 
Medium 168 
High 252 
Injected 
Control 
Low 53.8 34.4 37.8 
Medium 64.4 51.5 56.6 
High 188.4 120.2 132.2 
NO -N 3 NH -N 4 
--- (mg kg-') ---
2.37 2.68 
2.50 2.94 
2.82 3.17 
2.86 3.44 
2.47 2.45 
2.56 2.35 
3.20 3.85 
4.85 6.84 
2.43 2.44 
2.74 2.48 
2.55 3.13 
2.90 3.67 
ZSoil series at Kluver are Clarion and Nicollet. 
YLiquid swine manure was applied on the field plots in April, 
1994. 
XNutrient value taken from soil samples collected in August, 
1994. 
analyzed for N03-N and NH4-N using colormetric procedures and 
flow injection analysis (Lachat Instruments, 1990). 
Swine manure was collected from a slurry pit at the ISU 
swine Research station on 11 August 1994. The manure sample 
also was divided into two portions. The first portion was 
analyzed for nutrient content (NH4-N, total N, total P and K, 
and % solids) by the Analytical Services Laboratory at Iowa 
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state University (Table 2). The second portion was processed 
using an electric blender to pass through a 0.5-mm sieve and 
was used to study N mineralization. 
Mineralization Experiment 
Mineralization of N was determined by the methods of Chae 
and Tabatabai (1986) and Stanford and smith (1972). A 20-g 
sample of air-dried soil was mixed with 20 g of acid washed 
fine silica sand. Mixing the soil and sand provided a 
homogenous mixture and prevented particle-size segregation 
during transfer to leaching tubes. Samples were transferred 
to leaching tubes (4 cm diam. by 9 cm length) containing a 
layer of soft glass wool and a layer of silica sand. 
A four ml solution which contained three and one-half ml 
of deionized (01) water and 0.5 ml of liquid swine manure were 
applied to the surface of the soil-silica sand mixture to give 
Table 2. Liquid swine manure nutrient values collected in 
August 1994. 
Component Measured Amount in Manure 
TKN 1940 mg L- 1 as N 
Total P 531 mg L- 1 as P 
Total K 1110 mg L- 1 as K 
NH -N 4 630 mg L-
1 as N 
Solids 15 9 kg- 1 
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a rate of 60.5 Mg of manure ha-'. The amount of manure applied 
is approximately equivalent to the high rate of manure applied 
previously in the field. A thin layer of soft glass wool was 
placed on the surface of the soil to prevent dispersion of the 
soil when solution was poured into the tube. A 40 g soil-
silica sand mixture without liquid swine manure also was 
included as a blank. All treatments were duplicated. 
The leaching tubes were put into a cooler at 4° C for 24 
hours. Initial N was removed by placing the soil columns on a 
250-ml filter flask and extracting N03-N and NH4-N from the 
soil column using 100 ml of 0.01 M CaCl2 applied in 20 ml 
increments. Excess moisture was removed by applying a suction 
of 26.6 Pa. The columns were covered with parafilm with a 
single hole for aeration. 
To incubate, the leaching tubes were placed in an upright 
position in an incubation rack and stored at 30° C. After two 
weeks of incubation the soil columns were leached with 100 ml 
of 0.01 M cacl2 in 20 ml increments. suction of 26.6 Pa was 
applied to remove excess solution. The leaching tubes were 
returned to the incubator. The leachate obtained was diluted 
to 100 ml with distilled water and analyzed for N03-N and NH4-N 
colormetrically by flow injection analysis (Lachat 
Instruments, 1990). The samples were leached every two to 
four weeks for the duration of the study (cumulative 2, 4, 6, 
8, 12, 16, 20, 24 weeks). Soil moisture was maintained by 
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adding 2 ml of DI water weekly to leaching tubes. 
Results were analyzed by using analysis of variance 
procedures and regression analysis (SAS Institute, 1985). 
Results and Discussion 
Mineralization rates were greatest during the first four 
weeks. After four weeks there was a steady, constant release 
of mineral N until the end of the incubation period (Table 3). 
The initial flush of N03-N was attributed to the decomposition 
of very labile organic N similar to that reported by Lindemann 
and Cardenas (1984). The total amounts of N mineralized in 
the manure amended soils during the 24 weeks of incubation 
were 85, 89.2, 85.3, and 87.3 mg N03-N kg"' for the control, 
low, medium, and high rate, respectively (no significant 
Table 3. Amount of N mineralized (mg kg"') within successive 
incubation periods for four rates of residual swine 
manure and UAN treated soils. 
Time (weeks) 
Rate 0 2 4 6 8 12 16 20 24 
Control 2.3 18.7 21.1 5.2 5.4 6.5 7.7 9.4 8.7 
Low 2.5 23.5 22.6 5.9 6.0 7.0 5.8 8.2 7.8 
Medium 3.1 21.6 20.2 6.3 5.5 6.7 5.7 8.6 7.6 
High 4.9 19.5 16.4 6.7 6.2 7.2 5.7 8.0 7.7 
Pr>f 0.0001 0.005 0.030 0.006 NS NS 0.010 NS NS 
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difference). 
This cumulative mineralization amount was lower than 
amounts reported by Chae and Tabatabai (1986) for swine manure 
which ranged from 172 and 86 mg kg-' soil. This may be due to 
many reasons; 1) Chae and Tabatabai used a higher incubation 
temperature (350 C) which may have been more ideal for 
microbial growth than 300 C; 2) they had a lower soil moisture 
content; and 3) swine manure was dried before it was applied 
to the soil, which resulted in an initial lag period in the N 
mineralized. 
There were no mineralization rate differences with the 
previous methods of application of N to the soil (Table 3 and 
4). However, there were differences in mineralization due to 
time of incubation. The rate*time interaction was also 
significant (Pr>f = 0.0001). The residual high rate of manure 
and UAN had the highest average rate of mineralization per 
week for this experiment (9.20 mg N03-N kg-'). The low rate of 
residual manure and UAN had the highest cumulative N03-N 
mineralized. 
It has been commonly assumed that N mineralization 
reactions follow approximate first-order kinetics (stanford 
and Smith, 1972). Kinetics of N mineralization can be 
described by the equation; 
Nt = No [l-exp<-kt)] 
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Table 4. Analysis of Variance of the effect of manure 
treatment and rate of application on soil 
mineralization rate. 
Source df MSE Pr>f 
Replication 3 122.9 0.0001 
Method of Application 2 62.2 0.4514 
Rep*Method Z 6 68.3 0.0001 
Rate 3 9.0 0.5570 
Method*Rate 6 27.2 0.0831 
Rep*Method*RateY 27 12.8 0.0093 
Time 8 2300.1 0.0001 
Time*Method 16 7.8 0.3654 
Time*Rate 24 24.8 0.0001 
zError a was used to test the significance of Method of 
Application. 
YError b was used to test Rate and Rate*Method. 
where Nt = N mineralized weekly (mg N03-N kg-'); No = 
potentially mineralizable N in the system; K = corrected 
mineralization rate constant (week-'); t = time (weeks). A 
scatter plot of the data (Figure 1a) indicated a curvilinear 
relationship between cumulative N03-N accumulation and time. 
These results are similar to those of Lerch et ale (1992) 
in that N mineralization was best described as the 
decomposition of two distinct organic-N pools. Although a 
blank to measure residual treatment effects was not included, 
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Figure 1. (a) Cumulation of mineralizable N as N03 -N for 24 
weeks, (b) for 0-6 weeks, and (c) for 6-24 weeks, at 
four rates of residual manure in soil sampled at the 
Kluver Research Farm. 
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we suspect that the first pool is the rapidly decomposable N 
mineralized from the fresh liquid swine manure applied in the 
lab, and the second pool is the slowly decomposable N 
mineralized from the residual swine manure and UAN that was 
applied previously in the field and organic N already in the 
soil (Figure 1b and 1c). 
The mineralization constant, K, is equal to 2.303*slope 
of the log of N mineralized over time (Alexander, 1994). The 
K for rates of manure amended soils ranged from 0.986 to 0.735 
week-' and 0.053 to 0.065 week-', for 0-6 weeks and 6-24 weeks 
of incubation respectively (Table 5). The average values of 
K, 0.899 week-' (0-6 weeks) and 0.057 week-' (6-24 weeks), 
denote that at 300 C the mineralizable N fraction is released 
at an average rate of 89.9% and 5.8% per week, respectively, 
based on the quantity of mineralizable N remaining after each 
succeeding week of incubation (No-Nt) (Stanford and Smith, 
1972). Stanford and smith calculated the K value of 39 United 
states soils and the average K value was 0.054. 
The half-life of the N applied, t'/2' is equal to 0.693/K 
(Alexander, 1994). For the two separate times (0-6 and 6-24 
weeks) of incubation, the mean values of K, 0.899 and 0.057 
week-', the corresponding value for t'/2 are 0.8 and 12.0 weeks, 
respectively. These estimates were made on the assumption 
that N mineralization rate, under a particular set of 
environmental conditions, is proportional to the quantity of 
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Table 5. Mineralization potential (No) , equation constant 
(K), and the half-life (t¥2) for two incubation 
times and for each rate 0 residual N applied in the 
spring of 1994. 
Rate N K t'L2 Cumulative (mg kg-') (week-') (weeks) (mg kg-') 
0-6 weeks 
Control 43.00 0.974 0.71 42.88 
Low 54.35 0.986 0.70 54.50 
Medium 51. 38 0.901 0.77 51.17 
High 48.09 0.735 0.94 47.50 
mean 49.21 0.899 0.78 49.01 
6-24 weeks 
Control 62.17 0.065 10.74 42.87 
Low 66.04 0.053 13.08 40.60 
Medium 64.45 0.055 12.55 40.50 
High 64.14 0.058 12.03 41.56 
mean 64.20 0.057 12.10 41. 38 
mineralizable substrate in the soil (Stanford and Smith, 
1972). 
The half-life of the manure in the first six weeks of 
incubation ranged from 0.70 to 0.94 weeks. In other words, in 
approximately one week, 89.9% of the organic N had been 
mineralized and nitrified when incubated at 300 C. For the 
more stable N fraction the half-life of the manure incubated 
between 6 to 24 weeks ranged from 10.7 to 13.1 weeks. Only 
5.7% of the nitrogen present in this pool was mineralized each 
week. 
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Nitrate-N from 0-6 weeks had mineralization potentials, 
No' similar to the actual amounts of N mineralized. However, 
the No'S generally overestimated the cumulative N03-N from 6 to 
24 weeks of incubation. Individual rate values of previously 
applied N for No' K, t'/2' for 0-6 weeks and 6-24 weeks of 
incubation are listed in Table 5. 
Summary 
The mineralization rate of organic N in soil that had 
liquid swine manure applied four months before collection was 
not dependant on the method of N applied. It was based on the 
time and rate of N applied. Cumulative amount of N 
mineralized for each rate ranged from 15.8% to 19.1% per week 
of the total mineralizable N. 
N mineralization was best described as the decomposition 
of two distinct organic-N pools. The first pool is the 
rapidly decomposable N mineralized from the fresh liquid swine 
manure applied in the lab, and the second pool was the slowly 
decomposable N mineralized from the residual swine manure that 
was applied previously in the field. 
Mineralization estimates are likely to vary depending on 
factors such as soil type, temperature, soil moisture, amount 
and composition of animal wastes, climate, and level of other 
nutrients. Conclusions based on laboratory results with one 
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soil type at 30° C could be misleading if applied directly to 
field conditions (Freney and Simpson, 1969). However, knowing 
the mineralization rate for organic N in manure applied to 
soils may improve manure N management by increasing the 
accuracy of predicting N availability. 
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GENERAL SUMMARY 
with the climatic and soil conditions at the site there 
was no apparent ground water contamination with the rate of N 
that was applied. Method of application or rate of N did not 
affect the concentration of soil N03-N at 120 cm in the soil 
profile. Based on these results, it is possible to apply 
liquid swine manure at a rate of 240 kg N ha- 1 on soybeans in a 
corn-soybean rotation with little or no effect on groundwater 
quality. Although, attention should be placed on possible 
macropore flow of mobile nutrients to ground water sources. 
The plant available P and K in the manure made it 
possible to maintain higher soybean yields than when using N 
fertilizer alone. The rate of N applied had little affect on 
soybean yield. 
N mineralization was best described as the decomposition 
of two distinct organic-N pools. The first pool was the 
rapidly decomposable N mineralized from the fresh liquid swine 
manure applied in the lab, and the second pool was the 
relatively slow decomposable N mineralized from the residual 
swine manure that was applied previously in the field. The 
half-life of the more stable N fraction of the manure 
incubated between 6 to 24 weeks ranged from 10.7 to 13.1 
weeks. Only 5.7% of the nitrogen present in this pool was 
mineralized each week. Determining a mineralization rate for 
manure applied to a soil may improve manure N management by 
increasing the accuracy of predicting N availability. 
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APPENDIX. PLOT MAP 
1 3 4 2 Spring 
409 410 411 412 bdcs t. 
2 3 1 4 N 
405 406 407 408 Fert. 
4 3 2 1 Spring 
401 402 403 404 inj ect 
N 
Fi?ii> 
2 3 1 4 N 
209 210 211 212 Fert. 
3 4 1 2 Spring 
205 206 207 208 inject 
2 3 4 1 Spring 
201 202 203 204 bcdst. 
Appendix Figure 1. Plot map for all rates and methods of N 
applied for the Kluver Research Farm for 
1993 and 1994 (1 = Control, 2 = LOW, 3 = 
Medium, and 4 = High rate of N applied). 
